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forecas’ca cf the 500 b 1evel and. su’bjectively prepared 24-hour foree

As the JNWP Unit approaches an cperationsl stage it is desirable to

take stock of the performance level of the several numerical forecast

'jmﬂélela presently available for ite operations. The number and varie'b:,r

of situa.tions for which foreea.sts have been ma.de are too few to permit
many definite cogclusions; hawever s certain statistical summaries of

' the material that is ava.ilable a.ppear to be- desn.rable a.nd for some pur-
~ poses, a.dequate. Direct; comparisens of different methods in identical

smtuahions are under’caken wherever pos‘sible.

Qggj&risen Wi‘th Bu‘njective Forecasts

Qne conr_pa:ison which was made was between alt»-hour thermotropic

) aasts f‘or the same pressure surface. '.i'he thermotropic cha.rts were

’oaken from a series of &0 21; hour forecasts made gt G.R.D. at 12 kour-
1y intervals ‘t:hmush January 1953,  ‘Phe subjec‘tively preparect charts .

which were Jused had been prepared on & routine basis on a.cetate work
.'sheets but were not ordinarily made into & permanent recoz-d. It is
, thought that they were carefully prepared by skilled mefteorologs.sts._
- mhe 16 cases used in this compa;r-ison were all that were available.

They were separated by time intervals of at least 24 hours.
This comaxisen Was ma.de on the hasis of ah-heur changes of, pres-

 sure gradient measured between two grid,units (total distance about 50
- '-,af htmtude) The computed and the sub,fectively forecest changes were
each correlatedawi’ch the observed changes of gredient. The eaatuwee'b
and the north-south components were grouped‘ together so thet 32 paira

of numbers vere a.vailable for each point. Gradients were cempared et
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.30‘ points diaﬁ'ibuted uniferxﬁly appro:'cimtely between 5% and 110°W
and 39°N and 53°N. The correlatlons between computed and’ observed changes
of gradient were plotted and the geographical &?xstribution of the corre~
coefficient is shown on Fig. 1. - e s
The aubjectively foreeast gradient changes showed the mgher cor=

relation at 3 pumts on the edges of the ares cons:.dered, elsevhere, the

N numerically eomputed gra.dlent cha.nges showed the higher correlatmns ¥

~ the geegraghieal distri&tmn of the dif%erenee is shown in Fig. 2. Bo’ch
forecast methods showed the higher skill in the east of the area a.nd.
lessez' skill 1n the west, '.me average of - the correlation coeffit:ients ;.
: were .70 for the numerv.c&l and .56 for. the subjectlve. . |

A valm arl‘biciam czf ‘this comparison 1s that probebly the inltial ‘, "

o ; 'eha.rts use& foz' the numerical furecasts were mre caref‘ully analyzed '

Rh than were the initial cha.rts used by the subaective foreca.sters. There S

e does not appear to he any in:fcrmtion whic&ﬁ ceuld be used to p.saess

i ;quantztatwely the impoxta.nce of this é.i:t‘ference of quali‘by of initial

35F _;_.maps. This obsection 1s partially met 'by restmcting the comparison to

8 re gion wh@re the obsemtions specify the analysis te within rela‘f:ive-

ly smll .limits, btr’aj "‘t m;y still be 1mgcx‘tant in. cert.a.in ra.re ca.ses. o
Correlation coei’ '-,nien'as ma.y be. thought of ag measuring the pha.se

L &ifference ci’ the @mnti‘éiea being consiﬁered Ancthex i’cem of izxter- ‘

“*f:f:.f :mea.sure of’ rele:hive me-an :mle uwi here h% been b’ standarg "”m”

est is the rela.tivq masnitude of the qua.n*bities beiﬁg cmnyaréé* me

"‘érachen‘b ahanges 'was detez’miaed for each point. The average of ‘bhese

Al ¥
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30 ratios was 1.17 showing that for thege 3.6 cases the emplitude of the
, ccmputed farqcast graﬂients tended t0 be slight.’iy above tha.’c of the ob~
sewad gradzents. This tendency towar@ slight intensification seems to
 bave been preSent ,‘ on’ the average s for rasults from all of the numerical

forecast models examined up to this, time.

§

.Cowison batween 3-level &nd Thermotrog:.c Models '
1;' R
Through the ecopera‘cion of G.R.D, and I.A.S. there were seven cases

available m which 21L~hour forecasts have been made with both medels for

" the same 21&~hour interval and for am;mx:.mately the seme area. Thase
 cases vere all wintertime situations and almost all involved development
of a. low pressure system, For the ares common %o both foredasts, corre-

- la.tion coe:fficments between forecast and observed 2l-hour height changes

o .were computed Tor each level of each i’oreeas‘t. Uaually between 80 and

100 arid points eould be used in these correl.at:.ons Thg re.sults are
given in table 1. "

Table 1. Correlations between predicted and ebsewed height
chap_ggs for the same time interval and for a common grea,

| time model . o~ . P - thermotropic
U level 900 - 700 koo * 850 500 - 200 1000 500

1500 2b/11 11/50 .37 73 61 e 91 .25 .00 .1k

0300z 13/1/53 5L 00 .23 ERETE W s

.o 0193002 15/1/53 .71 62 k3. - 4 <o W80
. o300z eh/i/s3 .76 .79 88 - 86 9%
T 03007 -27/1/53 . .85 80 .8k L - .86 L8

1500z 5/11/53 k9 .83 .88 .61 .75 SE L 55 ¢ .57
T 15.0(_)@ 413/3/5& 75 B9 8 .78 -8 .61 .83 B
'.l'hese results do mt indicate any sigxificant difference in- skill | |

_be‘aween the model.s It ma;y be remarked in this cennection tha.t subjec~ .

" ;. over the other for this set of cases.

tive evaluations of the i‘orecast. heighrt changes and of the pro@mstic

charts a.lse.fa.iled to disclose any cbnsistgnt'superiority of one mdel L

b
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'.Ehe signiﬁcance of these results for the purpose of direct compari-

‘ son is somewhat uncertain for sev‘e:‘al reagons in addition to the fs.ct that

RCI

-the number cf ea.sesg vas small. Among the importa.nt differences in addition

to the forecast model are the unegua.l size of the foreca.sq avess, quite
different boundary conditions y and some differencea in initis,l cond.it.ions

due o the circunstance thet the models use different pressure mvels. :
The differences in boundary conditions a.saumed or the advarse effects of
either ty,pe of boundary cenditions ¢n forecast greas of the size trea.tqd
may alone be sufficient to obscure any real difference iu the performanée ,

of the wodels.

It does- e.ppea.r po be safe to conclude that 'l:he difference betwaen

the models is small compa.red to the error mde with either model.

It i 1mportant not to take these eorrelation coefficients out of

- context. Because cf ‘the h:lghly selected nature of the caseg conaidered

the coefficien'ts a.re af value only for purpnses of this compa.risan. |

An example of the se:lectiva nature of the ca.aes is that several of the :
- cases were chasen on 'bhe basis that one or the other model had perform-

‘ ed rela.tively pocrly on them. o ‘ | L N

Geneml Ievel of ‘Foreca.st Quality *

Var:i.ous statis‘bic:al sumriee of the series of 60 »thermtropic :

‘forecasts are be@ng prepared at G.R.B. These may be expected to give
‘& fairly relisble indicatwn of the general level of performance of
“the thermotropic medel du.ring winter months. The correlation coeffi-

| cients between ali--hour forecast and oh&ez'veé changes have been given

a8 about .75 for the 500 ub surface and approximately .65 -for the 1000
mb surfa.ce. (1) This was for a rectangular ares on a Le.mbert Confor- -
ma.l chart bounded approximately by the corner points 29.5% ToW, 55 oN
5&! 55 SN 131H e.m;A 29. SN 1180, Three rows and columns exterjor to /

S
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this area had beeﬁ dropped. Some aspects of fhe errors appear to ‘bave
been systematic, auggesting that s if necessary, certain emyirical cor~
rections could be made. ' v S -

No comparable campréhensive a’cudy of the performance of the 3I«level -
model has as yet ‘been Lndertaken. Hawever, an attempt has been made to
summarize statistically all of the 3-1e*\rel forecasts available. Fcur-
%een forecaets using the 900 TGO—M)O levels and eight forecasta us;Lng the
' 850-500-200 levels have been collected mainly through the cooperstion of
| I1.A.8. These forecasts were not all for the same geogra.phical area but’
they all overlap to some extent. Foreca.st height ,phe.nges and observed
'helght changes vere. determined for ap ma.ny as possible of a get of 100
grid points :Ln fixed geoe;raphical hcet;ons. 'rhese points were spaced
300:Mm¥&mxt each wvay in rows parallel to the B5th meridian with the
southweet corner of the. grid at approximtely 97“ 30.3N.

LCOrrelation ceeffmien’cs were computed for each level for each Pore-
cast and ere ldsted in table II. =

Ta.ble II. Correlations between predicted and observed height '

changes for that part of the foreeest which fell on a fixed
verifieatlon" grid, .

. (?e..»" . - P
Houyr date  wodel . 90° . 700  hoo S 850 500 200
level - - : o : ' : -
03002 23/11/50 - R -7 B 5T
- 1500Z - 23/21/50 R 66 . 72 .88
0300Z ’21&/11/50 LT 87 8 n .88 . .67
15002 2k/11/50 37 - 73 Lé1 o 6p Ta91 s
0300z a2s/ixfso0 0 T _, - .62 TS5 .50
- 03002 - 24/11/52 g 88 .20 X , .
ooz 2h/ui/s2 N B3 86 & i9 . ST e
- 03002 25/11/52. Y (- B - B - : R
500z 26/11/52 . 97 .95 . .9& . -
03002  13/1/53 a8 03, a7
03007 15/1/53 ’ L2 it e1
0300z  2h/1/s53 : 76 79 | .88
0300z 27/1/53 84 9 .82 .
15002 1k/W/s3 JT0 Br o e
03002 ls/h//lss : 22 87 e .
15002 5/11/43 W2 83 .88 58 .86 .
03002, !/11/?53 _ ; : ,3 ’ 22 . 25{ §§
1500z 13/3/5h | S T S 21

_mean r L .66 T T2 .63 .81 .60
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| Thése. do not appear "so differ significantly from the level of re-. W
. . sults obtalned at G.R.D. with the aid of the thermotropic model. It
| should agai& be étressed that these figures are for a h’ighly 'select,e_d
. group of cases, a num‘ber of which mmlve explosive" deveiapment. An
aadi’ciaaal reaaso:; for net regarding theae coeﬁficien’cs as an absolute
measure of skill is tha'l'. the effects of remving "known" syatematie -
errors. have mt 'been mvestigated. Pﬁrhaps the ahief value of these
coefficien’bs is in comgaring the acmzraay of the prognostie charts at B
{the various levels within one fox-eca.st model. oy RC

‘f *f&ria.tmn of Performs;\n«e Level with Geem
' 21: was noted a.bove tha.t forecasts of gradienﬁ changes et the 500 _’;
mb level tzsing boﬁh t!a& thermotmpic m&el ami sub.jeetive methoda wers.
het‘ber in the sautheast and less accurate in the vest and north of the
: ,faraeast m&. Likewise the correeklations of obsemd ala-nhour ‘heigh'b

¥w .

‘ | fchanaes of the 5“ 'mh ‘level vith those predictad by t-,he thermtmpic
| ma@el were highest in the sauthaast with 8 Sect:ndm maximum ;I.n the o
southwest anﬂ. were 1wes'k in the narthwest e.nd thraugh the cen‘tral
: plain& A welbﬂ.efins& center of ,ww correlat.ion va.luas* in the cen-
| tral plains (Kanaaa am& Oklahama) vag alno evident for the 100(3 m’b
:foreaas’t made usmg the thermtmgic mo&.el. It appears to be quite .
B icez-ta.in that 'bhis s:enter of low skin rpaulfs from 3 physical effeet R
, of the Roeky Bbuntains on the i‘low, or to seme extent reMts§1Mm i
__ : the ﬁ.etemiﬁations Qf the height of the- 2{.000 mb surface where pres- [
sure a‘b the earth's surface 1s less. then 1000 mh. |
carrela.tion ueefﬁcients and constants af linea.r regressicm have o
1 been computed for the lh avallable cases for 25 grid points é.istfibu- o
‘  - ted over the varifica‘bicm area for each lével of the 900-700~h00 fmre-

[
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‘fivfstant varies frﬁm b nesr the center of the. verifica’eian ares. tu ep-

| pro:ﬁimat.ely 8 on the boundaries.

T
A

casts. Thege eoefficients which suggest a level and distribution of per-

formance very similar to that exhibited by the thermotropic model are

,‘} . plo’cted in their appmpriate positions’ in Fig. 3.

The verifieatian a.rea does not extend fa.r enough to the west 1:0 in-
dica.te whether o secendar:ﬁ maximm perfom%nce tares such as that exhib- |
med by the thermotropic mdeluwoul& be found over the southweet. The ‘
correlation coeffic:ients do appear o suggest that an ares off low skill
in the lawer levels is to be found somewhat to the ea.st of the great

Plains' center of low sk.ill exhibited. by the themotrapa.c model.

_Xs'hemtic Height Ex‘rors
Al‘bm:u@l %tematic Brrors were not the sub,ject of this. study, it

e was conveniem: to look at one aapect of suchg, errors as & by-prqauet of

‘ :

the correla.t.wn a'batist:wm
Bub,jeetive examimtion of foreeasts prapmd with the ai& of the

.,m_.

3—2.evel méei ‘has acaasienally suggested tha.t false antieyc]naenesis ’ o
may /occuz- espeeially t0 the southwest of tha law center. Qne methoﬁ
of invesﬁi@ting this is to examine the consta;n'& "a¥ of the lima.r

regressfmn equa.'&ion = ' _ _ 3; w

S
¥

AN NS ;-:'a« + b

, S bs — fcsT

These constants axe plotted, in appropr:ta'he geographical pos::hmns in

; Fig‘ 3 The number of cases going inte the determination cf a con-

&
«\ .

Although much 3.rregulaxity due to the small and varishle m
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is evic'tent, the cansta.n‘h a." dges eppear to vary 8% each 1eve1 fz‘om =501

or —ma' in the south centra.l portion of the grid to 50' to 200* on the

nor'bh P aast anﬂwwestem b@umaries of ﬁhe \rerifica:bian area. - ‘:Ehis re- .

sul’c sup;ports the genaml form of ‘I;he expeete& s;ystemtic etrors of pres~

,sure , but suse‘ﬁs‘bs an axrangement éf amerage -height error wm.eh differs o
somewhat from the: 3_:reve,lsnt sub.jective impreasiona
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